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We, Stanislav I. lonov, George C. Valley, and Anthony S. Acampora declare that: 

1 . We are the co-inventors of claims 1-32 of the above-identified patent application. 

2- Prior to April 15, 1999, we conceived the idea of forming a satellite constellation 
using satellites with reconfigurable optical transmitters to form a rearrangeable satellite 
network. An invention disclosure was submitted to the Hughes patent department prior to April 
15, 1999. A copy of the disclosure is submitted herewith as Exhibit "A." Table 1 and Figure 2 
of the disclosure correspond to Figures 3 and 4 of the present application. Figure 1 of the 
disclosure is included in Figure 1 of the present application. The Hughes patent department 
received the disclosure prior to April 15, 1999. 
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3. On June 10, 1998. the disclosure was sent to outside counsel for the preparation of 
a patent application (Exhibit °B"). 

4. On September 24, 1998, 1 received a draft of the application for my review (Exhibit 

"C"). 

5. On November 18. 1998. the finalized application was sent by Mr. Mierzwa to the 
Hughes patent department for filing (Exhibit "D"). 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on Information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 
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3. On Juna 10. 1098. the disclosure was sent to outside counsel for the preparation of 
a patent application (Exhibit "B"). 

4. On September 24, 1998. 1 received a draft of the application for my review (Exhibit 

"C"). 

5. or. November 18, 1998, the finalized application was sent by Mr. Mierzwa to the 
Hughe* patent department for filing (Exhibit "O"). 
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punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false 
statements may Jeopardize the validity of the application or any patent iseued thereon. 
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& 8UMMARY OP THE INVENTION 

- mm ^f^Sr F M MSiF* PARDCUtAfU-Y POl^NQ OUT WHAT 18 BEUEVED 

Wo propose alhcptica) routing architecture for a high data rate satellite network. Data streams coming from 
relatively slow RF up-(lnk channels am sent via multiple optical canters through an optical Inter-satelBte ring network 
that routes them passively to the designated RF down-links. 

8. EXPUlfc THE PURPOSE AND ADVANTAGES OF YOUR INVENTION. {WHAT WIJX THE tNV^mON PO PETTO 

THAN PONE PREVIOUSLY?) 
* 

All optical routing provides a number of advantages over electronic switching. These include (0 Increased 
network capacity, (11) transparency, (iil) simplified network management with the added benefits of (lv) reduced 
size, weight and power. 

C IDENTIFY THE COMPANY PROGRAM OR PRODUCT UNE TO WHICH THE INVENTION APPUES, AND THE EXPECTED VALUE 

TO THE PROGRAM OR PRODUCT UNE- ALSO IDENTIFY POTENTIAL COMMERCIAL APPLICATION OF THIS INVENTION, 
INCLUDING AUTOMOTIVE APPLICATIONS, IF ANY. 

Satellite communications systems involving tow and medium or geosynchronous attitude eateHKee euoh as 
the systems to follow Teledesic and ICO, Spaceway or Expressway. This invention could be the key discriminator 
between Hughes Electronics satellite networks end those built by other*. This invention could also benefit U.S. 
Government systems including the Digital Wireless Battlefield and the Global Mobile Program.. 

O. IDENTIFY THE PRIOR ART KNOWN TO YOU WHICH IS IMPROVED UPON OR DISPLACED BY YOU) INVENTION. AND STATE 

IN DETAIL, IF KNOWN, THE DISADVANTAGES Op THE CLOSEST PRIOR ANT. 

There Is no real prior art since there are no satellite networks yet. All proposed satellite networks use 
electronic switching or routing and use optical links only between the satellites. To our knowledge there le no proposed 
system using passive optical switching and routing. 



a DESCRIPTION 

DESCRIBE YOUR INVENTION IN OCTAL, USfNO NECESSARY AODmONAL SHEETS 

A. BE SURE THAT EACH SHEET IB DATED, AND SIGNED BY EACH INVENTOR AND TWO WITNESSES, 

(HAC FORM 236C4 C6 SHOULD BE USED, IF PRACTICAL). 
0. ATTACH COPIES OF DRAWINGS OR DETAILED REPORTS HELPFUL IN UNDERSTANDING HOW YOUR 

INVENHON WORKS 

G. IP YOUR INVENTION HAS SEEN T ESTED , BRIEFLY SUMMARIZED THE TEST RESULTS WUCH CONFIRM THE 

FUNCTIONS AND ADVANTAGES LISTED IN 9 B ABOVE. 

The proposed network architecture is shown schematically In Fig. 1. The network Is arranged In a one- 
directional ring configuration, which Is deemed appropriate for GEO satellites or a small set of MEO or LEO 
satellites. Second counter-propagating ring can be added by duplicating onboard hardware if Increases capacity 
and/or redundancy Is required. It is assumed that all the data originate on the ground and enter the network via an 
RF uplink channel. Accordingly! It is assumed that transported data have terrestrial destinations and that an RF 
down-link Is used in the final leg of a route. Though only three satellites wtth one receiver and one transmitter per 
satellite are shown In the figure, more satellites and/or transfers per satellites can be used. 
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Optical Trunk 




Hie Information incoming from RF up-llnks is modulated onto optical carriers, tn the proposed 
architecture, each optical carrier frequency rs assigned to a particular RF oown-linK channel. As shown below, this 
allows complete optical routing of all optical signals to their respective destinations without Involving any 
electronics. 

We Illustrate the proposed architecture by using an ATM network as an example, though other 
techniques, e.g., ATM packets with forward error correction, TDMA or COMA, may prove advantageous for sateDlte 
applications. Moreover, since all-optical routing does not involve electronics, ft is completely transparent to the 
underlying protocols. As a result, multiple protocols can be used by different satellites and/or RF receivers within a 
single network. 

A satellite node may be organized as shown In Fig. 2. Each node receives data streams via one or more 
optical channels and one or more RF channels. Accordingly, one or more RF and optical channels ara used for 
transmitting the information out. For simplicity, only one pair of receiving and transmitting channels Is shown for 
each RF and optical subsystem. Also omitted are details on RF and optical modulation/demodulation, error 
correction! RF and optical amplifies, and pointing and tracking components. 

In the example shown in Fig. 2, a dowrvlink channel Is assigned an optical carrier with wavelength V All 
X,4» optical channels from the preceding satellite In the ring are received by a telescope, preamplified end sent to 
an optical demultiplexer. The latter Is a dispersing device of any kind capable of resolving adjacent optical 
channels within system specifications. Such devices are commercially available for terestiial communications links. 
For example, a fiber WDM, Mach»Zehnder add/drop optical filter or a waveguide grating router may ba chosen If the 
on-board optical bus Is based on optical fiber. Alternatively, bulk dispersive elements may be employed. The 
demultiplexer drops the designated carrier from the optical ring so that there is only a negligible amount of power 
left at X, In the optical bus. The latter restriction Is important for preventing the interference from the unfiltered 
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signal that reaches the same satellite en Its second round trip. T»e dropped optical channel fs converted to an 
electronic signal via an optical receiver and directed to the corresponding RF down-link antenna. The remaining 
optical signals are transmitted Intact along the optical bus. 



Baseband 



downlink 



Optical 



Fig, 2 




In the RF receiving channel, radio signals from several antennas are down-converted to the baseband and 
the recovered streams of ATM packets are sent to an ATM switch. The latter reads the headers and sorts the 
packets according to their designated down-link channels. Some of these channels (not shown) are located on 
the same satellite. These are switched directly to their designated antennas. The other channels are modulated 
onto optical carders whose frequencies have one-to-one correspondence wtth the destination RF down-links 
located on different satellites. These optical signals are multiplexed into the optical bus via passive elements. For 
example, star routers, 50x50 or 80x1 0 fiber couples may be used wtth optical buses based on a single mode fiber. 
The optical signal is amplified and sent to the transmitting telescope that points It to the next satellite in the ring. 

In the described configuration, care must be taken for avoiding interference between data streams coming 
from the ATM switch and those already present on the same optical or RF down-link channels. These are avoided 
either actively by monitoring traffic on the network or passively by arranging traffic Into frames and assigning each 
satellite its own time slot for transmission within each frame. The former approach offers more bandwidth with the 
burden of complicating the system, increasing power consumption and complicating network management. The 
latter approach sacrifices some of the bandwidth in favor of simpler architecture with reduced power consumption 
and simplified network management. Other pasGlve approaches may be employed, e.g., CDMA oodlng with a 
distinct code word assigned to each transmitting satellite. The decision between passive and active approaches 
should be based on capacity considerations. It Is quite possible that the passive approach is sufficient for many 
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applications since anticipated capacities of optical links, 1*100 Gh/s t far exceed those of RF channels, I.e., -100 ' 
Mb/s. 

All optical routing provides a number of advantages over electronic switching. Those include (0 increased 
network capacity, (II) transparency, (lit) simplified network management with the added benefits of (Iv) reduced 
size, weight and power. (0 The increased capacity derives directly from the simultaneous use of multiple optical 
channels. The capacity of an individual optical channel is limited by the speed of attached electronics, which 
currently doss not exceed ~ 20 Gb/s. By using multiple optical channels, the capacity Is Increased by the number 
of available frequencies. Commercially available fiber WDM and waveguide grating routers have up to 82 optica! 
channels and this number approaches 128 for fiber-coupled grating monochromators. Furthermore, the number 
of channels may be doubled by exploiting left and right circular polarizations. Polarization multiplexing and 
demultiplexing can done with fiber based and bulk optical components that are commerclaBy available. It Is also 
worthwhile emphasizing that the mura-waveiengtn architecture provides a seamless way for combining slow data 
stream from RF channels into a high data rate network without using state-of-the-art high-speed electronics. (H) Alt- 
optical routing makes the network transparent to the protocols used at the baseband level* For example, one can 
make a network with some satellites transmitting and receiving ATM packets, whereas others use TDMA or CDMA 
access techniques. Since the network does not use electronic routing, optical traffic Is routed eeamelessly by 
intermediate nodes, which may use different protocols at the baseband level. (HO The network management Is 
simplified considerably. In fact, no traffic control Is required if the passive approach Is used for avoiding 
interference between incoming traffic and that already present on the network- (iv) Power consumption is 
expected to be reduced considerably since only passive elements are used for routing. Additional power may be 
required to compensate mux/demux optical losses. This, however, should be done with optical preamplifiers that 
do not consume much power, typically under 1 W, As a result of reduced power consumption, the system weight 
should ba reduced also. 

All-optical routing retains Its advantages over electronic routing even when the number of down-link 
channels exceeds the number of available optical carriers, in this case, e group of transmitting RF antennae 
located on the same satellite are assigned one optical channel. Data streams are routed all-optlcally to this group 
of antennas where additional electron I03 is employed to direct them to the correct down-Hnk In fact, the aame 
ATM switch that receives and routes data from RF up-links may be used for this purpose. Though this puts more 
burden on the electronics, final routing Is performed on a single optical carrier that has been demultiplexed from 
the optical trunk. As a result, slower electronics Is required with an added benefit of lower power consumption and 
weight. The network still enjoys higher capacity that is Improved by the number of available optical carriers. Since 
high data rate routing at intermediate nodes Is performed optically, network transparency Is retained and network * 
management Is simplified. 
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Re: PD-970411 

Titl e: Non-blocking Output Queue Architecture for an Optical Satellite Network 
Inventor(s): 8. 1, lonov, (310) 317-5144 
G. C. Valley 

A. S. Acampora (Consultant) 

Dear John: 

Please provide us with an estimate of your charges for preparing a patent 
application based upon the invention disclosure listed above, a copy of which is enclosed. 
The disclosure contains information that is considered to be Hughes proprietary, please 
treat it accordingly. 

Please provide a draft application within 8 weeks, and the final version approved 
by the inventors not later than 90 days from the date of this letter (final version 
approximately September 2, 1998. Please contact the inventory) immediately for 
consultation, and if you foresee any problem or difficulty in meeting our desired due date, 
let us know right away. 

We attach to this letter a checklist of specific items to be Included with your 
estimate. Please complete this checklist and fax to me as soon as you are able to review 
the enclosed materials. If you are unable to supply or support any of these checklist items, 
address the issue in your estimate letter. 
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Specifically, your estimate should include all anticipated fees and disbursements 
(not including filing fees) for preparation of an application ready for filing in the United 
States Patent and Trademark Office. Your estimate shall be based on a fiat rate per case. 
We will prepare the formal papers, obtain inventor signatures and file the completed 
application. 

Please include the cost of formal drawings and three sets of reproducing masters in 
your estimate. Your bill will not be paid untn acceptable formal drawings are approved. To 
be acceptable, drawings must be legible, and must be accompanied by a list identifying the 
name of the element and its callout number. The material composition must be specified 
for all cross-sectioned elements. 

The attached disclosure may be incomplete or additional embodiments may have 
been developed since its generation. Your estimate should include at least one interview 
with the inventory). 

If we accept your estimate and authorize you to prepare this application, you should 
submit all correspondence, including invoices with the following information: 

1. The Hughes Docket Number PD-XXXXXX, title of the case, inventor name 
and name of the responsible Hughes attorney. 

2. Itemized expenses rendered either on a per hour basis or flat rate for 
services plus a breakdown of costs and disbursements for postage, 
photocopying, telephone calls, travel and drafting. 

Invoices are to be submitted upon completion of the application. No partial billinp 
will be accepted . When forwarding any billing information to Hughes, send the original 
documents to the attention of: 

Janet Bollinger 

Hughes Electronics Corporation 
Bldg.001. M S A110 
P.O. Box 066 

El Segundo, CA 90245-0956 
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To facilitate our filing of the United States patent application, please provide the 
application on A4 paper with an accompanying 3.5" diskette. Designate on the diskette the 
word processing program used to generate the patent application. We alao require two 
sets of claims. The first set should be drafted for submittal to the United States Patent 
Office. The second set (for foreign filing) should not use "means" type claims, should 
include reference numerals within parentheses, multiple dependencies, and should include 
one independent method and one independent apparatus claim, if appropriate. Please try 
to limit the total number of claims of this second set to 10 claims or less if possible. 

For your future reference, please do not include docket numbers) at the top of each 
page of the patent application. AIbo, please start the page numbering from the first page of 
the application, rather than the title page. Finally, the line numbering for the claims (in the 
left-hand margin) should be done individually for each claim. If you have any questions 
about our standard patent application format, please call me. 

Do not hesitate to contact me with any questions regarding this matter. We look 
forward to working with you. 




Very truly yours, 



GSG/dm 



Enclosures: 



Invention Disclosure 
Quotation Checklist 
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LYON & ARTZ plc 



Lyman R. Lyon 
Joha A. Am 
John S. Am 
Laurence C. Begin 
Alexander P. Brackets 
Robert P. Rente 5 
Kevin G. Mierzwa 
Angela M. Bruneai 
Kun L, VanVoorhieB 1 



BloamfiettHiUa Office; 



Attorneys & Counselors 
Intellectual Property & Technology 
Related Causes 



HS3 Tektgrapb Koad - Suto 207 
BlooxnfteWHiBj.Ml 48302-1476 



PtoOK (248)645-5200 
fax: 04» 645-1016 



28333 Telegraph Road 



NipU* Office: 
686 Wiggins Bay Drive 

Nipto, FL 33963 
Fboue: (941)5144)226 
Fax: (941)514-0226 



Soutbfield, Michigan 48034 
Phone: (248) 223-9500 
Fax: (248) 223-9522 



i-ucowamOftjA 

3 Llinn< in IWH»ta 



September 24, 1998 



Mr. Stanisiav I. Ionov 

Hughes Space & Communications Company 

MA7250/RL65 

3011 MaUbu Canyon Road 



Re; U.S. Patent Application for 

"Architecture For An Optical Satellite 
Communication Network" 
Your Ref: PD- 970411 



Enclosed is a draft of the subject patent application including informal copies of the 



drawings. Please review all of the documents with your co~inventors (listed on the cover sheet 
of the patent application) to make sure they fully and accurately disclose and claim the invention. 
Let me have all of your comments on the application either by phone, fax or mail. 



As you know, a patent application must set forth the best mode of the invention 



known to the inventor(s) at the time it is filed. Thus, if you or the other inventors have any 
additions or changes to the subject matter of the invention (including the drawing figures) in order 
to meet this requirement, the application should be amended accordingly. Also, if you have any 
additional or alternate embodiments or features of the invention, they should be added at this time. 



Malibu, CA 90265 



VIA FACSIMILE 



Dear Mr. Ionov: 



We look forward to your response. 




Very truly yours 



KGM/kk 
Enclosures 



cc: Georgann S. Grunebach, Esq. (w/encL, via First Class Mail) 
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Lyman R. Lyon 
John A. Artz 
John S. Artz 
Laurence C. Begin 
Alexander P. Bracken* 
Robert P. Rente* 
Kevin G. Mierzwa 
Angela M. Brunctti 
Kurt L. VanVoorhies 1 



to minois 



LYON & ARTZ plc 

Attorneys & Counselors 
Intellectual Property & Technology 
Related Causes 

Suite 250 
28333 Telegraph Road 
Southfield, Michigan 48034 

Phone: (248)223-9500 
Fax: (248)223-9522 

November 18, 1998 



Qtoomftcld Hills Office: 
3883 Telegnph Road ~ Suite 207 
BtOOmneM Mill, MI 4WOZ-1470 
Ptttrt: (248) 645-5200 
Faxi 048) 645-1016 



Maple* Offteft? 
530 Comionml Cove 
Naptei. Florida 34U3 
nwr. (94l)4VM32l 
Fill (041)417-1321 



Vte FBPERAIl WffMWE 



Georgann S. Grunebach, Esq. 

Hughes Space & Communications Company 

SC/SI0/S327 

2260 E. Imperial Hwy. 

El Segundo, CA 90245-0902 

Re: U.S. Patent Application for 

"Architecture For An Optical Satellite 
Communication Network" 
Your Ref : PD- 970411 
Qqr File: ff 1034 PA 

Dear Ms , Grunebach : 

Enclosed please find the final draft of the above - 
identified patent application incorporating the comments and 
suggestions received from the inventor. As you requested, we 
have also enclosed: 

• Two sets of claims (one with reference numerals) , 

• One copy of the Specification on A4 paper. 

• A 3,5" diskette containing the patent application 
(Word format) , 

9 Formal drawings prepared on brietol boards, plus 4 
copies, and 

• A separate Abstract containing reference numerals. 
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Georgann S. GruneBach, Esq. 
November 18, 1998 
Page 2 



Please note that this application has been combined 
with PD-970659 {our Diet, H 1028 PA) > This is the last of the 
related cases to PD-980044 and PD-970363. 

Should you have any additional changes, or any 
questions regarding this application, please do not hesitate to 
contact me directly. 



Very truly yours, 




KGM/kk 
Enclosures 



cc : Stanislas V. lonov (w/encle 



via First Class Mail) 
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